Rare exclusive B * c → D s l + l − decays are analyzed in the framework of the three-point QCD sum rules approach.
I. INTRODUCTION
The rare flavor-changing neutral-current (FCNC) processes {b → s(d)} are widely studied to test the predictions of Standard Model (SM) at loop level and to search for new-physics (NP). The recent theoretical studies can be found in the Refs. [1] - [6] .
Various physical observables of leptonic, semileptonic and radiative B decays have been measured by LHCb. For instance, the form factor, independent observables in the decay B 0 → K * 0 µ + µ − [7] and the the CP asymmetry in [8] have been measured. More recent measurements in the LHCb for FCNC transitions can be seen in Refs. [9] - [11] . Measurements of various observables at LHCb indicate that SM predictions are in good agreement with the experimental results. Therefore, most of the new physics scenarios are excluded.
Rare B * c → D s l + l − proceeds FCNC transitions. This decay has not yet been measured by LHCb. There is not theoretical studies relevant to the form factors and decay rate of this decay. We try to calculate the form factors and the decay rate of B * c → D s l + l − decay as well. We use the three-point QCD sum rules approach in the calculation of these form factors. The QCD sum rules have widely been used to calculate form factors (some similar studies can be found in Refs. [12] - [19] ).
The paper includes 3 sections: In section 2, we recall the effective Hamiltonian and use the three-point QCD sum rules approach to calculate these form factors. In section 3, we will use the numerical values of form factors in order to determine the sensitivity of the decay rate to the invariant dileptonic mass and then present our conclusion. The matrix element of the b → sℓ + ℓ − transition can be written as:
II. SUM RULES FOR THE
where
and c 7 , c 9 and c 10 are Wilson coefficients evaluated in the naive dimensional regularization (NDR) scheme at the leading order (LO), next to leading order (NLO) and next-to-next leading order (NNLO) in the SM [20] - [27] . c Y (ŝ) pert in [20] is as follows: [28] . Then, on the QCD or theoretical side, the correlation functions are evaluated in terms of the quarks and gluons parameters by means of the the operator product expansion (OPE). The correlation functions are written as:
where each T i with i = 0, +, − and V contains the perturbative and nonpertubative parts as:
The perturbative part of the Eq. (18) is the bare-loop diagram given in Fig.1(a) . The nonperturbative part consists of the light quark condensates and the two gluon condensates diagrams {see Fig.2 (a-f)}. Contributions of the light quark condensates {diagrams shown in Fig.1(b, c, d )} are removed by the application of the double Borel transformations [18] . Therefore, the two gluon condensates diagrams shown in Fig.2 (a-f) are described as the first correction.
The bare-loop contributions for each structure in the correlation function are the double dispersion integrals given in the following formula:
In the foregoing calculations of the spectral density ρ i (s, u, q 2 ), Cutkosky Rules are applied to the Feynman Integrals.
According to these rules the quark propagators are replaced by Dirac Delta Functions:
which means that all quarks are real.
The integration region in Eq. (19) is restricted by the arguments of the three δ functions in s, u and q 2 space coordinates, where these δ functions must be zero at the same time. As a result, the following inequality in s, u and q 2 space coordinates is obtained:
Following the required calculations, the spectral densities are obtained as:
Now, the aim here is to evaluate the nonperturbative part of the Eq. (18) . As has already been mentioned, the contributions of the the light quark condensate diagrams (Fig. 1b,1c and 1d ) to the nonperturbative part of the correlation function vanish [18] . Thus, the gluon condensates diagrams shown in Fig.2 are evaluated. The FockSchwinger fixed-point gauge [32] [33] [34] is used, where
The following integrals must be solved while evaluating the gluon condensate diagrams: [17, 35] :
where k is the momentum of the spectator quark c.
The integrals are transferred from Minkowski space-time to Euclidean space-time. Then, the Schwinger representation for the Euclidean propagator is used as in the following:
The Eq. (24) is convenient to perform the Borel transformation, that is:
Performing integration over loop momentum k and auxiliary parameters used in the exponential representation of propagators [33] , and applying double Borel transformations over p 2 B and p 2 D , the transformed form of the integrals (see also [33] ) in Eq.(23) can be written as: 
where M The function U 0 (α, β) is:
The Borel transformed form of the phenomenological side {Eq. 
Note that, the Borel transformation suppresses the contributions of higher states and continuum. In addition, the two gluon condensates contributions are C Ai and C Ti . The contributions of the aforementioned expressions (C Ai and C Ti ) are considered in the numerical analysis. However, since each of these explicit expressions is extremely long, it is found unnecessary to show them all in this study. Therefore, one of these expressions (C AV ) is shown as a sample In order to reduce the theoretical uncertainties as well as the dependence on the input parameters used in the calculation of the form factors the same set of the input parameters is utilized for calculation of the form factors and the decay constant at the same time. We obtain f B * C = 428 ± 35 MeV by using generic formula given in Ref. [37] .
This result is in good agreement with the results of the Ref. [38] , which is f B * C = 415 ± 31 MeV. Furthermore, the form factors contain four auxiliary parameters: the Borel mass squares M 
In order to estimate the decay width of B * c → D s l + l − decays, the q 2 dependency of the form factors A V , A 0 , A + , A − , T V , T + and T 0 in the whole physical region, 4m
The detailed numerical analysis of the form factor depicts that the dependence of the form factors fits into the following function:
The parameters of the fit function are given in Table II : The errors in the numerical calculation shown in Table II stem from the variation of the continuum thresholds, the Borel mass parameter in the given intervals and the uncertainties of the input parameters.
Taking account of the dileptonic invariant mass( q 2 ) dependence of the form factors in the kinematical allowed region in the range of 4m 
To sum up, we investigated the B * c → D s ℓ + ℓ − decays in the framework of the QCD sum rules approach. The form factors of these decays were obtained in terms of the q 2 . The contributions of the quark condensates in the correlations function found to be zero, so the contributions of the two gluon condensates to the correlations function were evaluated. Finally, we calculated the differential decay width and the integrated decay rate of these decays for the muon channel. In this section, we present the explicit expressions for the coefficients C AV corresponding to the gluon condensates contributions of g µν structure entering to the expressions for the form factors in Eq. (29) . 
